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A SEARCH FOR GAMMA RAY POINT SOURCES 

C. E. F i c h t e l  and D. A. Kniffen 

Goddard Space F l i g h t  Center 
Nat ional  Aeronautics and Space Adminis t ra t ion 

Greenbelt  , Maryland 

aWo 
Abst rac t .  A search f o r  po in t  sources of gamma rays  has  been made 

us ing  or ien ted  nuc lear  emulsions flown on high a l t i t u d e  bal loons.  

energy range examined was from 10 t o  2 x 10 MeV, wi th  t h e  d e t e c t i o n  

The 

3 

e f f i c i e n c y  i n  t h e  10 t o  50 Mev region averaging about  10% which i s  

almost a f a c t o r  of t e n  g r e a t e r  than  previous experiments with 

counter  systems. 

f o r  t h e  regions of t he  sky examined, which included Cygnus A,  the 

No measurable f l u x  of g a m  r a d i a t i o n  was observed 

S p i r a l  Arm I n ,  Taurus A, Gemini, t he  Sun, and the  G a l a c t i c  Anticenter .  

A summary of the  r e s u l t s  of t h i s  and b the r  experiments and t h e o r e t i c a l  

cons ide ra t ions  s t r o n g l y  suggest  t h e  need f o r  f u r t h e r  research  i n  g a m  

i: ray  astronomy. 
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- Introduct ion.  The motivat ion f o r  cont inued research  i n  t h e  f i e l d  

of gamma ray astronomy has  been t h e  d e s i r e  t o  o b t a i n  information d i r e c t l y  

r e l a t e d  t o  t h e  high-energy n u c l e a r  processes  which produce t h e  g r e a t  

m a j o r i t y  of t he  energy r a d i a t e d  from cosmic sources.  

t h e  advantage shared by charge p a r t i c l e s  of being c l o s e l y  r e l a t e d  t o  

many of t h e  fundamental processes  which a re  t o  be s t u d i e d  i n  a s t r o -  

phys ics ;  y e t  they have t h e  tremendous advantage over charged p a r t i c l e s  

of n o t  having t h e i r  d i r e c t i o n  of motion changed by i n t e r p l a n e t a r y  

magnetic f i e l d s ,  and hence t h e  information r e l a t e d  t o  t h e  d i r e c t i o n  

of t h e  source p o s i t i o n  i s  n o t  l o s t .  

f i r s t  t o  point  out  t h e  p o s s i b i l i t y  of ob ta in ing  information about h igh-  

energy cosmic processes  through t h e  d i r e c t  mode of high-energy e l e c t r o -  

magnetic r a d i a t i o n ,  noted t h a t  both n u c l e a r  i n t e r a c t i o n s  of r e l a t i v i s t i c  

cosmic-ray protons with m a t e r i a l  and a n n i h i l a t i o n  of nucleons and a n t i -  

nucleons were p o s s i b l e  sources  of mesons, which decay i n t o  gamma r a y s  

with a d i f f e r e n t i a l  spectrum peaking a t  about  70 MeV. Several  o t h e r  

processes ,  such a s  synchrotron r a d i a t i o n ,  i n v e r s e  Compton c o l l i s i o n s ,  

and rad ioac t ive  decay, produce photons whose average energy i s  lower 

than 70 MeV. 

Gamma r a y s  have 

Morrison [19581, who was one of t h e  

Although i t  i s  expected t h a t  t h e r e  a l s o  should be a genera l  g a l a c t i c  

background of gamma r a d i a t i o n ,  t h e  experiment t o  be descr ibed h e r e  was 

pr imar i ly  concerned with i n d i v i d u a l  sources .  Several  o t h e r  experiments 

[Braccesi  and Ceccarell, 1960; C l ine ,  1961a; Frye and Reines, 1963; 

Kraushaar e t  a l . ,  19631 t o  look f o r  p o i n t  sources  a l s o  have been 



undertaken dur ing  t h e  l a s t  several years .  

measurable i n t e n s i t y  coming from any of t h e  p o t e n t i a l  p o i n t  sources  

examined. 

None of t hese  has  found a 

I n  an  e f f o r t  e i t h e r  t o  d e t e c t  a source of gamma rays  o r  t o  se t  

upper l i m i t s ,  a n  experiment w a s  undertaken t o  examine two of t h e  more 

l i k e l y  a s t rophys ica l  source reg ions  i n  t h e  energy i n t e r v a l  from 10 t o  

2000 MeV, with s p e c i a l  emphasis on the energy reg ion  from 10 t o  50 MeV, 

where t h e  d e t e c t i o n  e f f i c i e n c y  of m o s t  of t h e  o t h e r  experiments was 

very  low. 

which permi ts  t h e  unambiguous i d e n t i f i c a t i o n  of each e l e c t r o n  p a i r  

produced by a primary g a m  ray  and al lows d e t a i l e d  measurements t o  

be made. 

The d e t e c t o r  used i n  t h i s  experiment was nuc lear  emulsion, 

The p r i n c i p a l  disadvantage t o  nuc lea r  emulsions i s ,  of cour se ,  

t h e  f a c t  t h a t  t h e  d a t a  reduct ion  i s  a long t ed ious  process .  

One of t h e  b igger  obs t ac l e s  t o  gamma ray  astronomy up t o  t h i s  t i m e  

has  been t h e  h igh  product ion r a t e  of secondary gamma rays  i n  the  atmosphere. 

This problem can be solved t o  some degree by us ing  very  high a l t i t u d e  

ba l loons  t o  c a r r y  d e t e c t o r s  above a l l  bu t  a few g/cm2 of atmosphere and 

a s u f f i c i e n t l y  accu ra t e  po in t ing  system. For t h i s  purpose,  an o r i e n t a t i o n  

system w a s  developed a t  t he  Goddard Space F l i g h t  Center  t o  a l low d e t e c t o r  

p o i n t i n g  angles  accu ra t e  t o  wi th in  a cone wi th  a 2 O  f u l l  opening angle .  

This  system has  been flown twice on bal loons t o  look pr imar i ly  a t  Cygnus 

A and t h e  Crab (Taurus A ) ;  however, the S p i r a l  Arm In ,  t h e  G a l a c t i c  

An t i cen te r ,  Gemini, and the  Sun w e r e  a l s o  wi th in  the  observed s o l i d  

angle .  The energy i n t e r v a l  from 10 t o  2 x 10 Mev w a s  examined. 3 
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&paratus  and bal loon f l i g h t s .  A s  suggested above, t he  p r i n c i p l e  

problems r e l a t e d  t o  t h e  experimental  p l a t fo rm t o  be flown on the  ba l loon  

were: bui lding a po in t ing  system of s u f f i c i e n t  accuracy,  and measuring 

t h e  ac tua l  o r i e n t a t i o n  observed. It w a s  determined t h a t ,  f o r  t he  

proposed a n a l y s i s  and f l i g h t  t imes,  t h e  average number of background 

p a i r s  i n  t h e  a rea  t o  be scanned would be much l e s s  than 1 f o r  a f u l l  

cone opening angle  of 2 O .  Therefore,  t h e  experimental  des ign  of t h e  

o r i e n t a t i o n  system w a s  aimed a t  maintaining a po in t ing  accuracy of 

about  - + l o .  

t o  a g a l a c t i c  coord ina te  system dur ing  a ba l loon  f l i g h t ,  t h e  sun may 

Since the  ear th-sun l i n e  varies by only 1 /4"  wi th  r e spec t  

be used a s  a l l f ixedl l  p o i n t  i n  t h e  galaxy f o r  t h e  accuracy des i r ed .  

Proper  con t ro l  of t he  r o t a t i o n  of the  d e t e c t o r  about the  ear th-sun  

l i n e  during t h e  f l i g h t  can then keep t h e  d e t e c t o r  system a t  a cons t an t  

o r i e n t a t i o n  with r e spec t  t o  the  galaxy. 

In  the  f i r s t  of t he  two experiments,  use  w a s  made of a time 

r e so lu t ion  system wherein t h e  ind iv idua l  nuc lea r  emulsions were moved 

toge ther  mechanically during t h e  c e i l i n g  p o r t i o n  of the  ba l loon  f l i g h t  

and were kept  separa ted  a t  o t h e r  t i m e s .  The purpose was t o  reduce t h e  

background which otherwise would be i n d i s t i n g u i s h a b l e  from the  primary 

source.  

t h e  average number of background t r a c k s  of a l l  types i n  t h e  cone of 

However, i n  t h e  f i n a l  a n a l y s i s  t h i s  f e a t u r e  w a s  not used because 

unce r t a in ty  produced by e r r o r s  i n  po in t ing  accuracy was i n  f a c t  l e s s  

than 1; s o  the re  was l i t t l e  advantage i n  sepa ra t ing  t h e  types of 

background i n  terms of e s t a b l i s h i n g  p o i n t  sources ,  and a cons iderable  

a d d i t i o n a l  amount of work would have been involved i n  t r a c i n g  t h e  

minimum e l e c t r o n  t r a c k s  i n t o  an  ad jacen t  p l a t e .  
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The design of t h e  p la t form f o r  providing d e t e c t o r  o r i e n t a t i o n  

with r e s p e c t  t o  the  galaxy i s  described i n  d e t a i l  elsewhere [Derdeyn 

and Kniffen,  1965). 

by Shechet [19601 and was modified t o  c o r r e c t  f o r  t h e  r o t a t i o n  of t he  

e a r t h  and t h e  bal loon d r i f t  v e l o c i t y  dur ing  f l i g h t .  Figure 1 shows the  

assembled system f o r  t h e  second of the  two f l i g h t s .  

t h e  camera and emulsion package were placed a t  oppos i te  ends of a s h a f t  

whose c e n t e r  was a t tached  t o  the  r o t a t i n g  cy l inder .  The s h a f t  l a y  i n  t h e  

p lane  perpendicular  t o  the  sun, and t h e  camera and d e t e c t o r  r o t a t e d  about 

~ 

The design was based on an e a r l i e r  sunt racker  developed 

I n  the  e a r l i e r  f l i g h t ,  

t h e  ear th-sun  v e c t o r  as required.  

i n s u r e  t h a t  po r t ions  of t h e  gondola frame would not  block the  d e t e c t o r  

from t h e  p o t e n t i a l  sources  during por t ions  of t h e  f l i g h t .  D i f f e r e n t  a r range-  

ments f o r  t he  two f l i g h t s  a r e  required because of t h e  d i f f e r e n t  p o s i t i o n s  of 

t he  c e l e s t i a l  ob jec t s  with r e spec t  to t h e  gondola frame. 

This conf igu ra t ion  was designed t o  

The sunseeker des ign  depended pr imar i ly  on two Hoffman type-220C 

pho toce l l s  separa ted  by a shade [see Shechet,  19601, designed so t h a t  

a d r i f t  from proper  o r i e n t a t i o n  would cause an imbalance of s u n l i g h t  

between the  two c e l l s .  

t o  a Barber Coleman Microposi t ioner  Relay i n  such a aanner  t h a t  t h e  

imbalance of l i g h t  ac tua t ed  t h e  r e l ay  which, i n  t u r n ,  appl ied  power t o  

a r e v e r s i b l e  o r i e n t a t i o n  motor and thus co r rec t ed  the po in t ing  e r r o r .  

Three axes of movement w e r e  b u i l t  i n t o  t h e  gondola, with t h e  pho toce l l s  

providing azimuthal and e l eva t ion  o r i e n t a t i o n  wi th  r e s p e c t  t o  the  sun 

and t h e r e f o r e  two of t he  axes of o r i en ta t ion .  The e f f e c t  of e a r t h  motion 

The output  of t h e  cells provided an inpu t  s i g n a l  
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and balloon d r i f t  i s  t o  cause a c e l e s t i a l s o u r c e  t o  r o t a t e  about t h e  

ear th-sun l i n e  a t  a nonuniform ra te .  From Figure 2 it can be shown 

t h a t  t h e  angle of r o t a t i o n  requi red  i s  g iven  by 

where 

0, = l a t i t u d e  of t h e  ba l loon  

6, = d e c l i n a t i o n  a n g l e  of t h e  sun 

&, = r i g h t  ascension angle  of t h e  v e r t i c a l  

r$s = r i g h t  ascension a n g l e  of t h e  sun 

I n  Figure 2 ,  $ i s  measured from t h e  perpendicular  p r o j e c t i o n  of t h e  

n o r t h  vec tor  onto t h e  p lane  perpendicular  t o  t h e  sun. 

represents  t r u e  noon a t  t h e  longi tude  of t h e  bal loon.  

Thus fl = 0 

It can be seen t h a t  $ i s  a func t ion  of t i m e  dur ing  t h e  f l i g h t ,  

s i n c e  &, - dS i s  a f u n c t i o n  of t i m e .  To provide t h i s  c o r r e c t i o n ,  a 

punched-tape programmer which made c o r r e c t i o n s  i n  s t e p s  of 10 minutes 

of arc ,  a s  required by equat ion 1, was developed. 

punched a s  l a t e  a s  p o s s i b l e  p r i o r  t o  launch,  s o  t h a t  maximum information 

on t h e  effect  of h i g h - a l t i t u d e  winds on 

punched -tape program. 

The t ape  was then 

47 - 4, could be f ed  i n t o  t h e  

The accuracy of t h e  achieved o r i e n t a t i o n  was measured i n  two ways. 

F i r s t ,  photographs were taken  of t h e  sun a t  r e g u l a r  i n t e r v a l s  during t h e  

f l i g h t  by a motor-driven Nikon F camera with a 500 mm l e n s .  The l e n s  
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opening appears  i n  Figure 1 and is  r i g i d l y  connected t o  the  c e n t r a l  

s h a f t  which poin ted  t o  t h e  sun throughout o r i en ted  f l i g h t .  

shows t h e  r e s u l t s  of t he  photographs taken during t h e  Churchi l l  f l i g h t ,  

wi th  each data p o i n t  represent ing  the average sun p o s i t i o n  i n  t h e  

f i e l d  of view f o r  t e n  exposures (30 minutes).  

throughout t h e  e a r l y  p a r t  of t h e  f l i g h t  e x c e l l e n t  o r i e n t a t i o n  w a s  

ob ta ined ,  becoming r e l a t i v e l y  poorer  toward t h e  end of t he  f l i g h t  bu t  

s t i l l  wi th in  about 1.5 degrees  of the e a r l i e r  po in t s .  

Figure 3 

The f i g u r e  shows t h a t  

The second check w a s  made t o  determine t h a t  t h e  p r o g r a m e r  

o r i e n t a t i o n  provided the  proper  r o t a t i o n  @ about t h e  ear th-sun a x i s .  

This  w a s  accomplished by a brush, commutator arrangement a long t h e  

c e n t r a l  r o t a t i n g  cy l inde r .  The commutator had a l t e r n a t e  s t r i p s  of 

grounded conductor ahd i n s u l a t o r  s o  t h a t ,  f o r  every 1 . 5 O  of r o t a t i o n  

i n  8 ,  t h e  brush changed from a grounded t o  an open c i r c u i t  and back. 

The s i g n a l  caused a 1000-cps frequency s h i f t  i n  t h e  CW t r ack ing  beacon, 

which w a s  e a s i l y  de t ec t ed  a t  a ground s t a t i o n  and w a s  checked a g a i n s t  t h e  

expected ra te  of r o t a t i o n  f o r  proper  o r i e n t a t i o n .  

The observed e r r o r s  i n  o r i e n t a t i o n  w e r e  fo lded  i n t o  the  conversion 

from t h e  angles i n  t h e  nuc lea r  emulsions t o  celestial  coord ina tes  and 

a r e  r e f l e c t e d  i n  F igures  4 ( a )  and 4 ( b )  by t h e  s o l i d  angles  subtended 

by t h e  p o t e n t i a l  sources  dur ing  f l i g h t .  

The t i m e s  and p l aces  s e l e c t e d  f o r  ba l loon  launching w e r e  chosen i n  

an  a t tempt  t o  minimize t h e  amount of atmosphere between t h e  source and 

t h e  d e t e c t o r  and t o  avoid horizon e f f e c t s .  Hence, a l a t i t u d e  w a s  chosen 
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t o  correspond c l o s e l y  t o  t h e  d e c l i n a t i o n  ang le  of t h e  primary source 

and a time of t he  yea r  such t h a t  t h e  r i g h t  ascens ion  angle  of t he  

source i s  near  t h a t  of t h e  sun, s o  t h a t  t he  source i s  overhead (o r  

n e a r l y  so)  midway dur ing  t h e  f l i g h t .  

(R.A.) and d e c l i n a t i o n  angle  (D.A.) of t h e  sun and t h e  sources  f o r  t h e  

two f l i g h t s .  

looking a t  Cygnus A ,  s i n c e  i t  w a s  t h e  most sou the r ly  launch s i t e  which 

was e a s i l y  a v a i l a b l e .  Neepawa i n  southern Manitoba was chosen f o r  a 

June 1963 f l i g h t  t o  observe t h e  Crab Nebula, bu t  damage t o  the  

o r i e n t a t i o n  equipment during the  ba l loon  launches requi red  the  

a l t e r n a t e  choice of F o r t  Church i l l  i n  August 1963. Table 2 g ives  

some of the e s s e n t i a l  f l i g h t  parameters.  The r e l a t i v e l y  l a r g e  s o l i d  

Table 1 shows t h e  r i g h t  ascension 

The Texas s i t e  w a s  chosen f o r  t h e  primary purpose of 

ang le ,  subtended by t h e  sources  dur ing  t h e  Texas f l i g h t ,  w a s  due t o  

t h e  wind p red ic t ions  p r i o r  t o  t h e  f l i g h t  being g r o s s l y  i n  e r r o r ;  and 

hence there  were s i g n i f i c a n t  e r r o r s  i n  t h e  &, - 
i n  B ,  as  shown i n  Table 2 and Figure  4 ( a ) .  

va lue  and consequently 
@S 

Data ana lys i s .  The gamma rays  were de t ec t ed  i n  t h e  emulsions by 

observing e l ec t ron -pos i t ron  p a i r s  produced i n  the  emulsion i t s e l f .  

l i e s  one of t h e  major advantages of emulsion over t h e  sc in t i l l a t i on -Cerenkov  

t e l e scope  d e t e c t o r s .  For t h e  l a t t e r ,  conversion ma te r i a l  i s  requi red  

between the gammas and t h e  d e t e c t o r  which has  t h e  disadvantage t h a t  

Compton s c a t t e r i n g  before  p a i r  formation,  and e l e c t r o n  coulomb s c a t t e r i n g  

a f te rward ,  reduces seve re ly  t h e  d e t e c t i o n  e f f i c i e n c y  a t  low energ ies  

(10 - 50 MeV) as  depic ted  i n  F igure  5 .  Thus, t h e  emulsion d e t e c t o r  

Herein 



. 
-9- 

se rves  t o  extend t h e  observable  gamma r a y  ene rg ie s  downward t o  about  

10 MeV. It should be noted t h a t ,  i n  t h i s  f i g u r e ,  emulsion d e t e c t o r  

e f f i c i e n c y  i s  based on p a i r  production p r o b a b i l i t i e s  a t  t h e  "scan 

l i n e "  based on 3.86 cm of emulsion conversion l eng th ,  while t h e  

coun te r  da t a  a r e  based on a c t u a l  c a l i b r a t i o n s  [Cline,  1961b1. 

T h i r t y  pe rcen t  of t h e  scanned area of each scanner  w a s  rescanned 

by a d i f f e r e n t  scanner  t o  obta in  scanning e f f i c i e n c i e s .  

t h e  t ed ious  and d i f f i c u l t  t a s k  of looking f o r  minimum i o n i z i n g  t r a c k s ,  

t h e  gamma ray  d e t e c t i o n  e f f i c i e n c i e s  always a r e  low compared wi th  

those  normally obtained i n  emulsion work; however, i n s o f a r  a s  t h e  

e f f i c i e n c i e s  can be determined r e l i a b l y ,  t h i s  i s  no s e r i o u s  d i f f i c u l t y  

except  f o r  t h e  f a c t  t h a t  i t  causes  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  

scanning t ime-already q u i t e  lengthy  for an a r e a  scan- to  ob ta in  t h e  

Because of 

same s t a t i s t i c s .  

The e f f i c i e n c i e s  were ca l cu la t ed  by the  method of L i m  e t  a l .  [1960], 

which can i n  genera l  l ead  t o  a small overes t imate  of t h e  scanning 

e f f i c i e n c y  [Waddington, 19611. However, t h e  most s e r i o u s  v a r i a t i o n  i n  

scanning e f f i c i e n c y  occurs  i n  going t o  l a r g e  emulsion d i p  angles .  

u n c e r t a i n t y  has  been l a r g e l y  avoided by l i m i t i n g  t h e  a n a l y s i s  t o  d i p  

angles  of less than 30" i n  t h e  unprocessed emulsions. 

a l s o  i n d i c a t e d  no s i g n i f i c a n t  v a r i a t i o n  i n  e f f i c i e n c y  with t h e  opening 

angle  of t h e  p a i r  i n  t h e  reg ion  of values of i n t e r e s t .  

determining t h e  e f f i c i e n c y ,  because of t h e  above c o n s i d e r a t i o n s ,  i s  

probably less than 5 pe rcen t ,  and hence i s  no t  s i g n i f i c a n t  i n  an 

This 

Cross c o r r e l a t i o n s  

The e r r o r  i n  
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experiment where t h e  p r i n c i p a l  concern i s  e s t a b l i s h i n g  order-of-magnitude 

upper l i m i t s .  

I n  add i t ion ,  about 20 percent  of t h e  accepted t r a c k s  were f u r t h e r  

examined t o  determine t h e  opening angle  of t h e  e l e c t r o n  p a i r  i n  o rde r  

t o  obtain an  i n d i c a t i o n  of t h e  shape of t h e  energy spectrum of t h e  observed 

gamma rays.  This ,  however, r ep resen t s  only an atmospheric background 

spectrum, s i n c e  no observable  source f l u x  was de t ec t ed .  

R e s u l t s .  A p l o t  of t he  coord ina te s  of a l l  gamma rays  found i n  t h e  

two f l i g h t s  appears i n  F igures  4 ( a )  and 4(b) .  

represent ing  t h e  va r ious  sources  r e p r e s e n t s  approximately t h e  angle  subtended 

by t h e  source a t  t h e  emulsion d e t e c t o r  during t h e  per iod  of o r i en ted  

f l i g h t .  The s o l i d  angle  subtended inc ludes  e r r o r s  due t o  po in t ing  

inaccurac ies ,  u n c e r t a i n t i e s  i n  measurement, and de termina t ion  of t h e  

space angles.  

t h e  e r r o r  introduced because of t he  l a r g e  e r r o r s  i n  p red ic t ed  wind 

v e l o c i t i e s .  

The area of t h e  f i g u r e s  

The l a r g e r  s o l i d  angle  f o r  t he  Texas f l i g h t  r e p r e s e n t s  

I n  p a r t  of t he  F o r t  Church i l l  scan ,  t h e  so l id -ang le  i n t e r v a l  w a s  

l i m i t e d  to t he  a rea  ou t l ined  by t h e  do t t ed  l i n e s ;  and t h e r e f o r e  t h e r e  i s  

a r e l a t i v e  dea r th  of p o i n t s  ou t s ide  t h e s e  do t t ed  l i n e s .  

Table 3 presen t s  t h e  upper l i m i t s  t o  gamma rays  from t h e  va r ious  

sources  i n  th ree  d i f f e r e n t  energy i n t e r v a l s .  

by adding 1 t o  t h e  number of gamma rays  observed i n  the  subtended s o l i d  

ang le  following t h e  method of Kraushaar and Clark  [1963-]. 

The c a l c u l a t i o n  w a s  made 

The l i m i t s  
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inc lude  e x t r a p o l a t i o n  t o  t h e  t o p  of the atmosphere and c o r r e c t i o n s  f o r  

scanning and p a i r  product ion e f f i c i e n c i e s .  

i n t e r v a l s  i s  made because of t h e  l ack  of any information on t h e  shape 

of t h e  source spectrum s i n c e ,  of course,  p a i r  product ion e f f i c i e n c i e s  

and l o s s  ra tes  i n  t h e  in te rvening  ma te r i a l  are  energy-dependent. 

The d i v i s i o n  i n t o  energy 

It should be pointed out  t h a t  the upper l i m i t  t o  gamma rays  wi th  

ene rg ie s  g r e a t e r  than 10 Mev cannot be obtained simply by adding t h e  

upper l i m i t s  i n  t h e  t h r e e  energy i n t e r v a l s .  Such a l i m i t  would be t o o  

l a r g e  and would correspond roughly t o  adding 3 t o  the number of gamma 

rays  observed i n  t h e  appropr i a t e  s o l i d  angle .  The upper l i m i t  on a l l  

g a m  rays  wi th  ene rg ie s  g r e a t e r  than 1 0  Mev probably would correspond 

more c l o s e l y  t o  t h e  l i m i t  i n  t h e  50 t o  200 Mev interval-depending,  of 

course ,  on t h e  shape of the source spectrum. 

The new d a t a  r epor t ed  he re  i n  the 10  t o  50 Mev i n t e r v a l  se t  important  

l i m i t s  on t h e  bremsstrahlung, synchrotron r a d i a t i o n ,  and inve r se  Compton 

s c a t t e r i n g  processes  which could make c o n t r i b u t i o n s  i n  t h i s  region.  

The expected photon spectrum i n  each case  i s  d i r e c t l y  dependent on t h e  

pa ren t  e l e c t r o n  spectrum and, p a r t i c u l a r l y ,  t h e  maximum e l e c t r o n  energy. 

I f  a p a r t i c u l a r  type  of mechanism i s  assumed t o  be ope ra t ive ,  c a l c u l a t i o n s  

based on r a t h e r  u n c e r t a i n  parameters-and i n  some cases on v i s u a l  

observa t ions  and measured r a d i a t i o n  a t  o t h e r  f requencies-can be performed 

t o  estimate the  g a m  ray  f l u x  and energy spectrum. 

t h e  high-energy g a m  r a d i a t i o n  a r e  very unce r t a in ,  n o t  only because of 

t h e  l i m i t e d  knowledge of t h e  parameters involved but  a l s o  because of t he  

The e s t ima tes  f o r  
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f a c t  t h a t  t h e  e x t r a p o l a t i o n  t o  t h e  gamma ray  f requencies  must be made 

over a la rge  frequency i n t e r v a l - a n  i n t e r v a l  i n  which t h e r e  i s  a r a t h e r  

h igh  p robab i l i t y  of t h e  s p e c t r a l  s lope  s teepening  because of t he  

p o s s i b l e  s p a r s i t y  of very high energy e l e c t r o n s  a t  the  source.  

Therefore,  any c a l c u l a t i o n  of gamma ray  i n t e n s i t y  based on these  

assumptions must be viewed wi th  some r e s e r v a t i o n s .  However, s i n c e  

t h i s  approach appears  t o  be the  b e s t  p o s s i b l e  one a t  t h i s  t i m e ,  a 

few es t imates  were made. 

For t h e  case  of Cygnus A ,  i f  a s p e c t r a l  shape of t h e  form 

-b I = Av i s  assumed, and f l u x  da ta  i n  t h e  r a d i o  [Maltby e t  a l . ,  1963; 

Shkolvsky, 19601 and o p t i c a l  [Baade and Minkowski, 19541 reg ions  a r e  

used f o r  normal iza t ion ,  b i s  found t o  be 0.88 [Maltby e t  a l . ,  19631; 

and the  f l u x  i n  the  energy reg ion  from 10 t o  50 Mev i s  c a l c u l a t e d  t o  

be 0.7 x 10 c m  sec . The o p t i c a l  da t a  inc lude  a c o r r e c t i o n  f o r  

absorp t ion  i n  i n t e r s t e l l a r  ma t t e r ,  a l though t h i s  c o r r e c t i o n  i s  very 

-5 - 2  -1 

uncer ta in .  In a s i m i l a r  manner, t h e  f l u x  i n  t h e  50 t o  200 Mev region 

would be about t h e  same. I f ,  on the  o t h e r  hand, one assumes t h a t  the  

r e c e n t  Cygnus X R - 1 ,  x-ray source de t ec t ed  by Bowyer e t  a l .  [1965] i s  

t h e  same a s  the r a d i o  source [Shklovsky, 19601, one ob ta ins  f o r  a f l u x  

of 1.5 x 10 e rgs  c m  sec i n  the  1.5 t o  8 angstrom region a va lue  

-2 -1 f o r  A of 2.0 x e rgs  c m  sec-2c/s and a va lue  f o r  b of 0.72. 

Such an  assumption about t h e  source of the  two observa t ions  may not  be 

j u s t i f i e d  s i n c e  t h e  c e l e s t i a l  coord ina tes  do  n o t  seem t o  co inc ide ;  

however, the  i n t e r e s t i n g  r e s u l t  i s  t h a t  t h e  s p e c t r a l  index b i s  i n  

reasonably good agreement with t h e  index obtained i n  the  r a d i o  region 

[Maltby e t  a l . ,  19631. 

-8 -2 -1 

Such an assumption then g ives  a g a m a  ray f l u x  



-13- 

i n  t he  1 0  t o  50 Mev region of 7.5 x 10-3cm-2sec-1, almost a f a c t o r  of 

3 h igher  than t h e  upper l i m i t  set by t h i s  experiment. 

1 .  

I -6 -2 -1 

A s i m i l a r  c a l c u l a t i o n  f o r  t he  Crab Nebula (Taurus A) g ives  a 

gamma r a y  f l u x  f o r  t he  same energy i n t e r v a l  of 3 x 10 c m  sec  , 

wel l  below t h e  observed upper l i m i t .  Other sources  inves t iga t ed  i n  

I 

I t h i s  experiment y i e l d  ex t rapola ted  f luxes wel l  below observable l i m i t s .  

Although t h e  ob jec t ives  of t h i s  experiment d id  not  include measure- 

I ments on the  genera l  background f l u x ,  a few remarks a r e  probably worthwhile. 

F i r s t l y ,  t he  background i n t e n s i t y  observed i s  the  r e s u l t  of e l e c t r o n  p a i r s  

formed before  t h e  bal loon f l i g h t ,  during a scen t  and descent ,  and i n  f l i g h t .  

The a c t u a l  number observed agreed w i t h  t h e  number expected t o  wi th in  t h e  

I u n c e r t a i n t i e s  involved i n  es t imat ing  the background, which a r e  probably 

about a f a c t o r  of 2. I n  c a l c u l a t i n g  the expected background, use  was 

made of t h e  e a r l i e r  bal loon ascent  data  of C l ine  C1961a-j. 

Concluding remarks. The negat ive  r e s u l t s  of t h i s  and o the r  experiments 

I [Braccesi and C e c c a r e l l i ,  1960; Cline,  1961a; Frye and Reines, 1963; 

Kraushaar e t  a l . ,  19631 set important l i m i t s  t o  t h e  i n t e n s i t y  of var ious  

p o s s i b l e  gamam ray  sources.  In  t h i s  experiment, i n  add i t ion  t o  confirming 

t h e  absence of a d e t e c t a b l e  f l u x  i n  the energy reg ion  above 50 Mev a t  t h e  

i n t e n s i t y  l e v e l s  d i scussed ,  new l i m i t s  were set i n  t h e  energy reg ion  from 

10 t o  50 Mev f o r  s eve ra l  sources .  Several  au tho r s  have now est imated t h e  

source s t r e n g t h s  of many poss ib l e  sources-using models i n  which seve ra l  phys ica l  

p rocesses  a r e  assumed, inc luding  synchrotron r a d i a t i o n ,  n e u t r a l  pion decay, 

i nve r se  Compton c o l l i s i o n s ,  bremsstrahlung, r a d i o a c t i v e  decay, e l e c t r o n  
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p o s i t r o n  ann ih i l a t ion ,  and o t h e r s  [Savedoff,  1959; Milford and Shen, 

1962; Pol lack and Fazio,  1963; Dolan and Faz io ,  19643. In  gene ra l ,  

such es t imates  a r e  extremely s p e c u l a t i v e ;  b u t ,  excluding synchrotron 

r a d i a t i o n  and t h e  newly pos tu l a t ed  q u a s i - s t e l l a r  sources ,  t h e r e  seem 

t o  be no source mechanisms which w i l l  produce f l u x e s  a t  the  e a r t h  h ighe r  

-2 -1 than about t o  photon c m  s e c  above 10 MeV. Synchrotron 

r a d i a t i o n  o r  q u a s i - s t e l l a r  sources  may produce h ighe r  f l u x e s ,  a s  observed 

a t  the  ear th .  

It i s  now c l e a r  t h a t  new experiments,  which can d e t e c t  much weaker 

sources  than the  l i m i t s  which have been s e t ,  must be performed. Fur the r ,  

t h e  ex i s t ing  experimental  l i m i t s  and p resen t  source s t r e n g t h  estimates 

s t rong ly  suggest t h a t  i t  w i l l  be necessary t o  p l ace  t h e s e  experiments 

above t h e  e a r t h ' s  atmosphere i n  s a t e l l i t e s  i n  o rde r  t o  avoid the  background 

produced i n  the  overlying atmosphere on a bal loon f l i g h t  from obscuring t h e  

primary f lux .  
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Table 2 Flight Parameters 

Parameter 
Texas 
Flight 

Churchill 
Fl ight  

~ ~ - ~ ~~ ~~ ~~ -~ 

Date Jan. 21, 1963 Aug. 3 ,  1963 

La ti tude 33.0% 58.6ON 

Longitude 98O-105 W 94O-102 W 

Duration 

Approximate 
A1 ti tude 

Range of error 
i n  fl 

3 hours 

4.9 g/cm 2 
9 . 6 hours 

2 4.5 g /cm 

0 t o  13.5O -1.5 t o  1 . 4 O  



Table 1 C e l e s t i a l  Coordinates  

Source 
R.A. (@) 

(degrees)  

Sun (Jan. 21, 1963) 302.0 -20.1 

Cygnus A 300.0 +40.5 

S p i r a l  A r m  I n  311 .O +45 .O 

Sun (Aug . 3, 1963) 133 .O +17.8 

Taurus A 83.30 +22 .o 

Gemini 93.30 +22.6 

G a 1 a c t i c  An tic en t e r 75.00 +30.0 



Table 3 Flux Limits (cm-2 sec-') 

Energy Interval 
Source 

10-50 Mev 50-200 Mev > 200 Mev 

Cygnus A 2.6 x 1.8 x 1 . 6  x 

Spiral Arm In 8.0 x 5.3 x 5.0 x 

Taurus A 4.2 x 2.9 x 2.8 x 

Gemini 2.2 x 1.5 x 1.4 x 

S un 1.5 X 10 1.0 x 0.9 x 
Galactic Anticenter 5.1 x 3.5 x 3.4 x 

-3 
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FIGURE CAPTIONS 

Fig.  1. The gondola flown on t h e  Churchi l l  f l i g h t .  (The Texas 

f l i g h t  gondola w a s  s i m i l a r . )  

Fig.  2. A three-dimensional d i sp l ay  of t h e  geometry involved i n  

determining t h e  r o t a t i o n  required about  t h e  ear th-sun 

a x i s .  

A graph ic  r ep resen ta t ion  of p i c t u r e s  taken  of t h e  sun on 

t h e  Churchi l l  f l i g h t .  (Each d a t a  p o i n t  r ep resen t s  t h e  

mean p o s i t i o n  of t he  center  of t he  s u n ' s  image f o r  t e n  

exposures -30 minutes of f l i g h t .  ) 

Fig.  3 .  

Fig.  4. (a) Texas f l i g h t  

(b) Church i l l  f l i g h t  

A p l o t  of t h e  d i r e c t i o n  of a r r i v a l  of t h e  de tec ted  e l e c t r o n  

p a i r s  vs. emulsion coordinates  and ce les t ia l  coordinates .  

Fig. 5 .  A comparison of d e t e c t i o n  e f f i c i e n c e s  vs. energy f o r  nuc lea r  

emulsion and sc in t i l l a tor -Cerenkov d e t e c t o r .  
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